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ABSTRACT

A seismic location study has been conducted in a conti-
nental region, Central Alaska, to verify the general applica-
bility of the travel-time anomaly technique.

' P :
First, using local stations and estimating event depths
Sy observing pP, a set of earthquakes in the Central Alaska
region was located with fesiduﬂl-travel time errors attribut-
able to reading error. The distribution of anomalies for
teleseismic stations indicates that the Central A}éska region
is composed of three subregions between which the anomalies
vary by as ﬁuch as 5 seconds for some stations, Some events
on the ?dge of the local network may, however, .be mislccated.
Such an error could suggest an anomaly change where there was

none,

The size of one of the subregions, Alaska Range, is about
150 km by 150 km, across which constant station anomalies are
apparently valid for locating using a combined local and tele-
seismic net. Within this subregion, the event depths vary by
about 40 km, from 85 km to 125 km; this suggests that no signi-
ficant anomaly change is incurred due ‘to depth,

Using a network cbmbrised of both local and teleseismic
stations, and appiying as corrections anomalies determined from
calibration events in each of the three subregions, the loca-
tions of the other events shift less than 5 km from the local
network epicenters and the standard deviations reduce to
acceptably low -values, '

A comparison of locations obtained using a local network
with those using only a teleseismic nétwork can be reliably

3




obtained for only two events, The ‘shifts from the local loca-
tions are 3 and 11 km with anomalies, as contrasted to 39 and
[ 25 km without anomalies.

There is an indication of an average teleseismic bias of
13 km to the northwest over most of Central Alaska, thus
suggesting a large anomaly region., Teleseismic locations

obtained with a set of average anomalies agree as well with

local locations as do locations using anomalies from events
in each apparent ‘anomaly sub-region,
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¢ . : INTRODUCTION \
U ' e v o 2
/ Studies of trave{-time anomalics: and their effects on
location accuracy and network stablltty have been conducted
in several epicentral areas. For example at the Nevada Test
Site .where the Jdata set is comprlsed only of explosions, the
technlque of using travel-time anomalles as corrections can . e
_ reduce locCation eyqors by an order of magnltude, from 25 km
"to 2.5-3.0 km; fur1hermore, location Blas can be- shown to be
a function of-the partlcular network’used for locatlng -,
‘ (Chiburis, 1968; Chiburis and Ahner, 1970) ! . T BT
r d .
If the event data are comprlsed of earthquakes,‘locatlon
accuracy cannot ‘be asses ed in an abcolute sense bccause thi ? A
“  true locatlons of the events are not known. That .a significant
.error is 1ncurred when locating without travét=fime anomalies in ¢
a region sdgﬁ/as the Aleutian Islands-has been demonstrated by
locating LONG SHOT, an underground guclear explosion on
v Amchitka Island in the Rat Islands, with a 329 statlon network e
The resultant location error (with depth restrained) exceed§= .
20 km (Lambert et al., 1970). As part of a recent study, i
; Chiburis and Racine (1971) took several stable subset§ of . .,f“
this network and showed that thé resulteht location eiters‘of '
LONG-SHOT were variable both in magnitudg ‘and direction,
frequently exceed1ng 30 km (but also c01nc1denta11y as small SRS
as 1 km) and generally random in dlxectlb , although thg g

’ was an apparent northerly bias,  From thege results, it was
establi&he: that atcurate locations are (not necessarily* \ "
. achieved s mglz hy having a well distrihuted network. In the = - .
.same report, itl was further shawn that location consistency T o
for a selected set of earthquales’ across the Aleutlah\lslands

‘,
o region could be obtalned if travel- t1me anoma11es were

”

O "
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functionalized for each station recording all of the events;
this consistency was manifested when, by using network subsets,
a- small tluster of locations was ach1eved for any event and
when each of the locations dlsplayed acceptahly small 1east-
squares .time errors, ,/' _ } ’ |

]
b

Therefore, the technique of applying travel time anomalles 1
even if the anomalles are determlned from gn unknowqior mis- ¥ [ -
located event, is vdlid for .improving location accuf cy
(although perhaps only relat1ve accuracy) in regions such as

'thevNevada Test Site and the Aleutian Islands\yzﬁih of these
regions are qu1te d1fferent ge010g1ca&1y, the-Névada Test -
Site reglon 1sﬂ1n a Basin and Range province, whereas thé ‘ 1%
Aleutlan Islands region is a typical island-arc structure, ,'. |
Although the type of structure in the vicinity“of the source
reglon:should have no effect on thc: app11cab111ty of the . | i
anomaly technique, espec1a11y if only teleseismic statlons
are used, 1t.15 necessary that the: technique be tested fo
events -occurring in a ! s'continental-type" Structure to fuffher
verify the procedures. Therefore, one of the objectives of the-

present study is to obtain an event -set from a contlnental '
region, such as Central Alaska and 1nveat1gate the Varldblllty
of obsérved travel-time anomaliés at both Iocal and’ te1ese15m;q
stations as a function of event "rosition within th%wreglon.

Another objective is. to use. events whose depths are known
prlncspally fromyldent1f1ed ,depth phases (pP) and’ attempt to
discern ‘any anomaly 1nstab111ty or change as-: a funct1on of
depth. i n ’ ] o

oF ~

A third obJectlve is- to investigate the lv%ftlon capab111ty ,f
of a local network (all stations with less than ,000 km epicen-
tral distances), and using anomalies determlned from the local
network, of a- comblned 10ca1 and teleselsmlc netwo*k and of

a teleseismic only network

v
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REGION DEFINITION AND DESCRIPTIGN OF THE DATA

As used in }his report,éthe Centra{ A}EEka region is
defined as that area between Latitudes 62°N and 66°N and
between Longitudes 146°W and 154°w, tbe shaded portion of )
Figure 1 shows t} region of iﬂferest, P

time period 1964 through 1968., Figure 2 shows the distri- -
buticn of the 33 events within the area of iinterest;. also \\ -
included on this figure are the eévent name, <the reported

depths and 7,000-foot’pontoursc1n the Alaska Range..Table. I’
gives the event parameter as reported by NOS. ‘ ¢

The statioﬂé seiected for the various networks total 148;
of thigynumber, 54 are World Wide Standard Seismic Stations

-

(WWSS),'7§jare Long Range'Seismic)MeasdTement (LRSM) tations,
[fes a o .

five are the F-ring and A0 subarray center instruments from

the Lagxge Ape?tz:e Seismic Array (LASA) fﬁ‘MQntana, five are

Y

VELA{ bseryatorl‘s-(OBSV) and ninq‘are.stations operated by

_the GeoﬁHysical Iﬁstitutefpf the University of Alaska (VU of A).
Table II lists "the stations by ndme, geographic location, type, ¢
¢istance and azimuth to Event Num?e{ 4, 21:Juﬁei1967,

‘Fairbanks, _ : o
7

. 3 \
pPossible AThe diq&ribution of the 1228 readings by station
and eveE;}*S shown in Table .III; the‘readingraccuracy by

station type is estimated to be as follows: LASA and Observa-
tory #0.1 sec; LRSM $0.2 sec; WWSS™ +0.5 sec; U of A £0,1 sec,
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TABLE I

Event Information Reported by the National.,;0cean Survey (NOS)

Event Event Geographic Origin Latitude Longitude Magnitude Depth
Numbe r _Date Region Time (NOS) (NOS) (NOS) (NOS)
1 29 Oct 68 Tanana 22:16:16 65.4N 150,1W . 6.0 7
2 31 Oct 68 Tanana 00:25:45 65, 4N 150.1W 4.5 16
3 06 Feb 67 Fairbanks 14:48:40 64, 8N 147.4W 4,5 53
4 21 Jun 67 Fairbanks 18:04:49.5 64, 76N ',;147.37W 5.4 17
5 21 Jun 67 Fairbanks ‘ 18:13:02.9  64.76N 147.37W 5.6 17
6 .23 Jun 67 Fairbanks 11:54:33.,5 64, 82N 147.45W 4,6 9
7 08 Sep 68 Fairbanks 16:22:58 64.8N 147,6W 4.5 12
'8 } 07 May 63 S. of Fairbanks 05:16:21 64.5N 146.,9W 4.5 33
9 .30 Jun 63 S. of Fairbanks 05:18:09 64, 4N 146.9W 4.5 27
10 06 Apr 63 Alaska Range 11:19:23 63.4N 149,5W 5.5 39
11 - 06 Apr 63 Alaska Range ©12:07:10 63.6N 149,5W 4.5 55
12 02 May 63 Alaska Range 23:13:13  63.2N 148, 9w 6.1 81
13 22 Aug 63  Alaska Range 03:58:43 63.2N’ 148.5W 4.6 101
14 14 Dec 63  Alaska Range 07:51:08 62.7N 149,5W 5.1 95
15 14 May 64 Alaska Range 11:55:28 62, 8N 152,3W 4,6 15
16 29 Jun 64  Alaska Range 07:21:33 62.7N 152.0W 5.6 33
f? 06 Sep 64 Alaska Range “17:36:44 63.1N 147.7W 4,8 33
i8 20 Nov 64 Alaska Range 21:27740 63.7N 146.5W 4.6 80
19 27 Nov 64  Alaska Range 07:47:08 62.6N 151.5W 5.4 113
20 21 Dec 64 Alaskq Range 18:32:03 63.1N 150, 3W 4.8 111
21 08 Feb 65 Alaské Range 03:37:35 63.4N 151.7W 4.5 31
22 08 Mar 65 Alaska Range 12:04:21 62.5N 150.4W 4.5 . 104
23 26 Jun 65 Alaskg'ﬁange 23:13:40 62,7N 148.7W 4.8 33
24 16 Oct 65 Alaska Range 11:45:25~  63.1N 150.4W 4.6 84
25 24 Nov 65 Alaska Range . 08:22:39 63.2N 151,.0W 5.1 129
26 11 May 66 Alaska Range 01:26:24 62.8N 150.,1W 4,7 91
27 31 Mar 67 Alaska Range 04:18:31 63.1N 148, 5W 4.6 83
28 0§ May 67 Alaska Range ? 17:06:15 63.7N 148,5W 4,9 102
29 06 Jul 67 AlasKa Range 15:06:13 62.4N 147.4W 5.1 59
30 11 Oct 67 Alaska Range 07:56:36 63.0N 151, 1W 4.6 115
31 10 Nov 67 Alaska Range © 18:29:57 62.3N 151. 4w 4,9 90
32 04 Dec 67 Alaska Range - 08:19:09 62.4N 151, 8W 4,9 96
33 4,6 80

28 Dec 68 Alaska Range 04:15:55 63,0N 148,2W
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TABLE 1II1I
Distribution of P-wave Arrival Times by Station and Event
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) TABLE 111 (Cont'd.)
“ Distribution of P-wave Arrival Times by Station and Evént
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. TABLE IEI (Cont'd.)
Distribution of P-wave Arrival Times by Station and Event
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TABLE III (Cont'd.)
-wave Arrival Times by Station and Event
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The principal reasons for the different estlmated accurac1es

are the differences in se1smogram recording speed; however,
overall quality of the seismic traces (thlckness& focus, "
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! INITIAL TRAVEL-TIME ANOMALIES
| . |
Using the NOS feported hypocenter parémeterg listed in
Table I, travel-time anomalies were calculated fdJ:all sta-
tions and events. Previous experience in other regions hés
shown that the anomalies vary §ignificantly with location; -
therefore, the reported locations were used to. separate the
events into three',ubreglons so as to note any ‘anomaly
patterns across Central Alaska. These .three subregions are
referred. td in this report as Tanana (wh**h includes 2 events),
Falrbanks (7 events), and Alaska Range/ﬁ24 events); t
dashed~line areas in Figure. 2 show the space relatlonshlga
of the three subregions. ) e

1

_ :
Travel-time anomalies are computed in the usual manner;

the anomaly at station i relative to station j is

[y e

Ai/j ;,Ti -,Tj = Hi(A’zj + Hj(A,z? ) ‘ . .

where T is statlon arrival time and H is predlcted travel-time
for an event at dlstance A and depth z based on the travel-time
table of Herrin (1968). All anomalies in this report are made
relative to stetloh UBSO as a matter of convenience. The
anomalies.by event for several 'stations are given in Table IV;
these stations were selected to illustrate the generally -
poor consistency obser%ed. With anomaly differences within a
subregioﬁn largef than 4 seconds at teleseismic stations and

6 seconds at local stations, seismogram reading errors can

immediately be e11m1na¢ed as the sole source of the d{/ErepanC1es.

Previous experlence has shown that the’ chlef causes of anomaly
Yncon51stency are ep1center mislocations and depth errors .
(Chiburis and Dean, 1965; Chiburis, 1968/”Ch1bur15 and Ahner,1970;

-5

L3

L&
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TABLE IV

Travel-Time Anomalies at Selected Stations As

Computed from NOS Hypocenters Listed in Table I

W
Event
No. Date
1 29 Oct 68
2 31 Oct 68
" Average ’

Standard Deviation

21 Jun 67
21 Jun 67
23 Jun 67
08 Sep 68
07 May 63
30 Jun 63

W 0 N & W

Average
Standard Deviation

10 » 06 Apr 63
11 06 Apr 63
12 02 qu 63
13 22 Aug 63
14 14 Dec 63
15 * 14 May 64
16 29 Jun 64
17 06 Sep 64
18" <20 Nov 64
19 27 qu 64
20 21 Dec 64
21 - 08 Feb 65
22 08 Mar 65
23 26 Jun 65
%4 16 Oct 65
25 24 Nov 65
26 11 May 66
<27 31 Mar 67
28 05 May 67
29 06 Jul 67
30 «wed 11 Oct 67
31 710 Nov B7
32 04 pec &7
33 28 Dec 6
Average

Standard Deviation

Cverall Average
Standard Deviation

06 Feb 67

CoL NP-NT scp TNN
-2:44 -5.60 -3.04  -0.17
-2.83 -6.18 -2.41  -1.51
-2.64 -5.89 2,73 -0.84

0.28 0.41 0.45 0.95
-3.18 -1,34 = +1.62
-5.55 -2.14 e -4.56
-2.70 23009 .- -3.23

-- -2.76 -- -2.20
e -- -0.63 --
-3.81 -2.33 -0.63  -2.0%
1.53 0.77 = 2.66
-- -- -1.28 -
-- = -1.05 o
-- e -0.26 =
3o +1,90 -0.55 =8
= -1.50 -3.44 N
-0.17 +2,17 -0.34 --
S -1.44 -1.25 .-
-- -1.29 L --
-2.27 +0.51 -0.25 --
-0.76 -1.17 -0.58 --
+0.14 +1.31 -- --
-2.75 -0.99 -4.64 --
-1.68 = o =
+1,96 +2.21 _-1.42 =
-1.75 -0.17 1,69 --
-0.91 +0,68 . -1.37 --
-1.41 +0.71 -1.25 .-

= -1.51 L. -1.05
-1.78 -1.71 -1.45  -0.70
+0,41 -- -- --
-1.11 -4 -1.05  -0.46
-1.35 -1.13 + -1.13  -0.77
-0.22 -0.22 -0.717  +0.24
-3.4) -2.60 -1.90
-1.07 -0.24 _ 132 -0.77

1.31 1.47 1.10 0.70
-1.61 -1.06 . -1.,42  -1.22

1.61 2.13 1.12 1.63

EN

Ny =

Mat



Chiburis and Racine, 1971). To eliminate possible errors in
the reported depths, each of the events was analyzed by
aligning the P waves at all stations as a function of distance
and then selecting apparent pP phases based on coherent energy
across the network. The assistance which such a technique can
provide is well known and was demonstrated by Chiburi§ and
Ahner (1969). The observed (pP-P) time differences were
converted to depth using the relation of Jeffreys and
Shimshoni (1964). A comparison between the depths ‘thus
obtained and the NOS reported depths is shown in Table V.

Of the 33 event depths, twenty disagree by less than 7 km

and only seven disagree by more than 20 km of wh%ch four

disagree by more than 60 km. ) -
”
a
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TABLE V
A Comparison Between NOS Reported and
Depths Determined by pP Observations

Even't NOS Depth pP Depth dz
No. Date . (km) - _(km) (km)
1 29 Oct 68 7 13 +6
‘ 2 31 Oct 68 16 16 0
3 06 Feb 67 53 ‘ - 28 -25
4 21 Jun 67 . 16 S|
5 21 Jun 67 17 13 -4
6 23 Jun 67 - 9 16 +7
7 . 08 Sep 68 12 . 8 -4
8 07 May 63 33 13 -20
. 9 30 Jun 63 27 9 -18
10 06 Apr 63 39 108 +69
11 06 Apr 63 ~55 115 +60
' 12 02 May 63 81 85 +4
13 22 Aug 63 101 . 78 -23
14 — 14 Dec 63 95 : 108 +13
15 14 May 64 15 16 +1
16 29 Jun 64 33 )il -12
17 .06 Sep 64 33 134 +101
18 20 Nov 64 80 © 85 +5
19 27 Nov 64 113 113 0
20 21 Dec 64 111 108 -3
21 08 Feb 65 31 15 -16
22 08 Mar 65 104, 105 1
23 26 Jun 65 33 - 134 +101
24 16 Oct 65 . 84 97 +13
— 25 24 Nov 65 129 134 +5
' 26 11 Nov 66 91 85 -6
© 27 31 Mar 67 83 82 -1
28 05 May 67 102 100 -2
- ' 29 06 Jul 67 ' 59 54 -5
30 11 Gct 67 115 113 -2
31 10 Nov 67 90 93 +3
32 04 Dec 67 96 108 412
33 28 Dec 68 80 82 2
e



RELOCATIONS USING A LOCAL NETWORK

If the pP-determined depths are accepted as being correct, j
a local network can be used to relocate the epicenters of the
12 events satisfactorily recorded by it, restraining the depths
to the accepted values and applying no anomalies as corrections.
The geometry of the local network\used for this purpose is

shown in Figure 3.

The location-shifts from the 12 NOS reported epicenters and -
the standard de'viations of the least-squares time fits for tﬁe
local network are given in Table VI; also indicated are the
stations used in making each of the locations. We used the
Herrin (1968) travel time curves. A significant result in this
table is the improvement achieved in the standard deviation of
the time-fit location when compared with the standard deviation
determined from the input location. Except for the Tanana
‘subregion, where the improvement is negligible and where the
local network control is poorest, the resultant standard
deviations approach those which one would expect from reading

errors alone.

Some nther points)relevant to Table VI: the NOS reported loca-
tion of the 06 Fébruary'1967 Fairbanks event was clearly in error.
The standard deviation for six local stations is nearly 4 seconds.
as computed from the NOS epicenter and pP depth. Since the NOS
location was obtained with a depth of 53 km instead of 28 km,
it is probable that the depth error was responsible for most
of the mislocation. Using the local network, the solution '
obtained for this event with a restrained depth of 28 km is
now consistant with thé other events in the Fairbanks subregion.

Excluding the 06 February 1967 event, the average shift of the event
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Figure 3. Distribution of local stations.
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set is about 13 km from the NOS epicenters.'N_geographic pl .t

of the location shift vectors is shown in Figure 4. Except ror
two events in the Fairbanks subregion, the directions of th:
location shifts from the NOS locations vary between east and
southeast, This apparent bias'cannot be éxplained in terms of
network instalility or distribtuion. The felatidn between

network geometry and location shift is shown in Figure 5 in "
which the station distances are plotted as logarithmic vectors
along their azimuth lines and the location shifts as lihear
‘vectors. The results in this figure do not indicate any
correlation between the direction of event shift and the g
distribution of the network used for locating that event, In

this regard, however, it was shown in an earlier report (Chiburis
and Ahner, 1970) that location bias is a function of the
particular network defined for locating, and that, if a

constant network is used to locate a set of events, the

direction and magnitude of ‘the shifts for all evints within

an anomaly region ﬁre clésely similar, It was further shown

that, by carefully selecting a network,'virtually’any bias ‘
ditection and magnitude one desires could be obtained for the ' o
Same event set. Although a constant network is_noi dsed in the
present case, this '"network bias" could still be a significant
.factor for producing the observed‘southeasterly shifts, |
because the 12 events were located using networks composed
largeiy of the same stations. In particular,‘statioqs‘PJD} TAN,
SCM and WH2YK were used in all 12 of the locations; stations
COL, BIG and BLR were used in nine of the locations. If the
travel-tinme anomaliés‘for these stations happen to be large, ,
the similarity among fhe'sgveral networks using them may be h
enough to explain the observed bias. ' '

In another. report (Chiburis and Racine, 1971), it was

4

- '
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shown that, 'although ﬂetwork bias usually predominates, a’
econdary and sometime< consistent bias can exist almost: Hf
regardless of the netwurk used, at least for-explosions .
in the *Aleutian Islands, and the southeasterly‘%ﬁifts -
bserved on Figures 4 and 5 may.pessibly be dué to this
- effect. In particulér the local network locatioﬂ§ may be 4
correct and the NOS epicenters biased to the northwest. ./
This'would be“Eonsistenf with .the northward shift of
LONG-SHOT observed with a teles:gsmic network, ‘and is“the :
/yxplanation we rrefer. An impligation would be that the = .
' Central® Alaskan bias can be 1'raced o the:Aleutian under- ., '
thrusting llthospherlc slab, However, the'Central_Alaskan <
region is a structurelly complex area and rhe bias may in

fact be related to éome other\structural'feature.

8
{ It is 1mportant at this p01rt to compare the residuals
\\ﬁg and least- squares time fits obtained from the local network
g solutions 'to those obtained from the NOS :tolutions. Using: } ’

the NOS hypocenters, a residual at station i for“event j can

-

/ o o P

.be.c21culated
, I S R
Ri Ti T0 Hi(A,z)

where T is the event origin time and the other terms are as
defined before. The robt-mean- squareiof the residuals for the

s ! .,

1/2 ¢

: ’ ' , )ﬁ
{ZZ IRV K ZN)-J},-' o "

j=1 1=1 : j=1ls." . R

total event and local station Bleft #iiE ¢ , (»

»



R AR

¢ -
) .
¢ ® ~ ~

Z'where NJ is the number of local stations recording the Jth,
"event. The value of NOS is 1.658 seéc for these data. Assumlng
that this figure _generally refle?ts the go ess-of-fit to
th? travel t1me model used (in this cqse, Herrin (1968)), it
can be ‘stated tﬁlt the fit is poor. However, since many of r
the stations within the local network shown in FlgurEWS were
‘not 1nc1uded in the NOS solutlon for these events, an "origin-

%, time bias" for each event shoulqd be revaéH from each resi 'ual
before comb1n1ng the set; that is

S L SR B SR - .

g " . T , ‘ 5
where»RJ is the mean pf the local-station residuals for the jth
event:. — h '

.12 (g . | | o
— 1 . T 3
R = Z — e \\ -
. i-l N = -

» . ° ~.

The standard deviation is then calzulated as

) . N \\\ 21

.»«" oNos = { Z ZJ(RJ) )/L(Z N:) -,1]}7‘

j=1 i=1

The value of~gNog’15 1.17& sec, a reduction of 0.48 sec compared
to the straight root-mean-square. This is still high enough to

- ipdicate a poor fit.
£ = "

. / P . o o IS .
If now the standard deviation of residuals is calculated

[

on -the basis of solutions gbtained using oniy_the local netwbrk,
the value of S oc = 0.511 seg. This result suggests that the

LI

s
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crustal and upper mantle model used for the Herrin (1968)
tables is a reasonably good average repreaentatlon of the
crustal and upper mantle structure in.Centxal Alaska; this .
suggestion is 1in essential agreement with conclusions drawn

by Berg et. al..(1967), who concluded that ‘the P-wave veloC1ty
in the upper part of the crust in the Fairbanks area is about
5.56 km/sec, which is also near the value of 6.0 km/sec used

in .the Herrin (1968) model.

'To test further the appropriateness of the crustal moﬁel;
the local network can be used to locate the events with the
depth parameter included’ in the least-squares adJustment The

_results of doing this are given in Table VII. The" maJorlty of

events move only a few kilometers in depth campared -‘to the
locations obtained W1th the depths restrained to a value based
on pP. The exceptions to this depth stability are the two
Tanana events, which change in depth by 72 km and 25 km upward

" and in epicenter -both by about 30 km northward; the reason :

for this is that these sevents ar® not within the geometric
confines of the local network (Figure 3), so the solutions
tend to move from the network in ﬁhe direction of least
control. Two other possible exceptions to the depth stability

~are the events 31 March 1967 and 28 December 1968 in the

Alaska Range. The unrestralned solutlon for 31 March 1967
changes‘by 31‘km/upward in ‘depth and 12 km east in epicenter;
however, this could Ye e&plalne& by -the low number of recording
statlons whi€h prOV1des only a single degree-pf freedom in

the least= squarée procedure, The 28 December ;968 event shifts |
18 km upward in depth and 13 km east-southeast in epicenter;

"1t is not entirely clear why this event shifts, as the network

15 well dlstflbuted about the eplcenterGand the standard \¥ 1
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This possibility has, of course, already been suggested by the

“

deviation for the restrained case (a ) is small., Conceivably,
this .event may actually be shallower than the depth indicated
by pR; if pP was mlsplckpd by about 3 sec, the depth would

be in the general range of the: depth free solution. This possi-
bility will be further discussed in the next section.

If the 12 restrained hypocenters determined b; the local
network are now used to compute the anqmalies,'éhe results
show better consistency at most statfons. For example,. a
comparison of the anomalies computed from the NOS location to
those obtained from the local network is gfven in Table VIII
for stations TNN, COL and WH2YK, which are part of the local
network, and for stations NP-NT and OXF, which are teleseismic _
to Central Alaska and recorded a substantial number of the :
events, The improvement in the consistency of the local stations
for the Fairbanks subregion is expected because of the mislocated
event 06 February 1967. Because small depth errors are not
significant for ‘teleseismic stations, the improvement in anomaly
consistency at NP-NT and\ OXF is less significant than at the -
local stations. The overall consistency suggests that the event
locations within a subreglon determined with a local’ networkr
are more accurate (at least relatlve to one another) than the
reported locations. L .

One could not reject the hypothesis that all of Central
Alaska is one anomaly fégioh from the OXF data. However for
ﬁP-NT.(the closest teleseismic station) the Tanana anomalies ) .
(from the events with the worst local network coitrol) clearly
define a different region. Overall, these data leave open the v
possibility that all of Central Alaska is a single anomaly region
with respect to teleseismic stations farther away than NP-NT.

. P - . !
consistent northwest bias of the NOS location with respect to

the local locations.
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TELESEISMIC LOCATIONS USING CALIBRATION EVENTS

-

1f a calibration event is selected from each of the three
subregions in Central Alaska and anomalies at both local and
teleseismic stations are computed from the restrained hypo-
centers determined in the previous section, and if the
anomalies are used as corrections, the events in the respective
subregions can be located relative to the calibration events.
In this way, anomaly stability can readily be evaluated as a
function of distance between subregions and, to a lesser

sextent, as a function of depth. ) a

The events selected for calibration purposes are 21 June
1967 Fairbanks (to locate 06 February 1967, 23 June 1967 and
08 September 1968); 29 October 1968 Tanana (to locate 31 October
1968; and 10 November 1967 Alaska Range (to locate 04 December
1967, 11 October 1967, 31 March 1967, 28 December 1968 and
05 May 1967). The location resufts of subregion calibration
using confined local and teleselsmlc stations are given in
Table IX for both restralned and unrestrained solutions. In
the Fairbanks subregion, the three events shift about 5 km
= : in random directions and the stdndard deviations of solution
(o ) reduce to about 0.7 sec, less than half the standard
deV1at10ns obtalned without anomalies (o J. The depths do not
» change 51gn1f1cant1y when the solutions are run depth free.
In the Tanana subregion, the single event shifts about 7 km
and the depth changes by 2 km. Significantly, the standard
deviation is now reduced to about 0.5 sec. When compared to

the standard deviation of 1.380 sec from the restrained hypo-
center determined by the local network (00), it is clear that
} the anomalies from the calibration event in this area are

-13-
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correcting, at least to the first order, ‘the imperfect earth
model relevant to the Tanana subregion,

For the Alaska Range subregion, when using the 10 November
1967 event for calibration purposes, the average restrained
shift of the five events is only about 2.5 km in a random
direction and the standard deviations reduce to below 0.6 sec.
When the solutions are allowed to run depthcfree, the averagé
shift is less than 2 km and the standard deviations are w11
below 0.4 sec except for 05 May 1967 which is farthest- from
the calibration event. Since the size of the Alaska, Range ‘
subregion is about 150nkm,by 150 km, certainly larger than the_
70 km by 25 km-accepted in earlier studies (Chiburis and Ahner,
1970), it is expected that the 05 May 1967 event would have the
poorest fit. For the unrestrained solutions in the Alaska Range,
the dépths of the events change only a small amount (less than
5 km), except for two events, 31 March 1967 and 11 October 1967,
which both éo deeper by 9 km. The standard deviations of these

events are reduced from 0.585 to 0.398 sec and 0.517 to 0.274 sec{

respec®ively. It may be that the depth-free solutions are yield-
ing more reliable depths'for these two events, although it may
be that the anomalies are!changihg slightly across the region.
It is impossible to tell if these two events are correctly
located iﬁ-ihree dimensions, because the standafd deviations
may reduce only fortuitouély when using 10 Ndvehﬁervr967 as the
calibration event. For example, if the 31 March 1967 .event,
Testrained to a depth of 82 km, is used to calibrate the

11 October 1967 and 28 December 1968 events, the epicenters
‘shift'respectively about 1 km and 14 km with depth shifts of

4 km downward and 6 km upward respebtively; the standa&d
deviations reduce to 0,268 and 0.019 sec, an almost perfect
time fit for the latter, Only further studies will remove

-14-
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the ambiguity. oy )
If the local stations are removed from the networks and
only teleseismic stations are used, the results of locating
both with and without anomalies are as given in Table X. In -

“the Fairbanks subregion the shifts are large, but this can be

explained by poor teleseismic network distribution. Algﬁough
the networks have a'large aperture if only extreme azimuths

are considered (Network Aperture in Table X), the aperture

is much less if only one or two stations are excluded. A
network of this type is known to give poor locations. Fcr
example, the 01 February 1967 event was located with a network .

‘having an aperture of 107°; if one station is deleted, the

aperture (n-1) reduces to 42° and if two stations -are deleted,

the aperture (n-2) is 24°. - .

In the Tanana subregion, the teleseismic network used to
locate the 31 October 1968 event is fairly stable down to the
(n-2) aperture and the location shift is about 10 km. However,
the local network for t?&s{eveﬂt is poor with apertures of 157°,
73° and 55° down to n-2 stations. In the Alaska Range subregion,
only two of the events, 04 December 1967 and 05 May 1967 have
well-distributed te}esei;mic networks. The shifts are respectively
3Lz km and 11.1 km; however, as pointed out earlier, the 05 May
1967‘evept is farthest ffqm the calibration event and is not
expected ‘to be as well _located. Although the events 11 October
1967 and 31 March 1967 have shifts of about 6 km and 9 km
respectively, .this may be coincidental becadse the (n-2) tele-
seismic apértures are 41° and 20°, hardly large enough to be
classed as_wéll-distributed. The 28 Decémber-1968 event has only
three stations for locating (no degrees of freedom for a

restrained location) and displays the largest shift.

£

-15- w



g - @
. A
- . g o
- . . =
. - \\: - ' l/ LY
5 :
i . ;7 o '
| ) . - : . 5
H 7
fa » 2 - S
5 . & i - o
g € - oy -
m . J ‘ =
- \\I\l‘\‘ .
i : LY - 3 . L ‘
- S o191 o0LT ot81 $88°0 oISZ T°IT  956°0 oTSE 6°t¢
Po- % - = 060 --- .IST  7°89 --- oL9T 869
i : 2020 C eZ¥0 eS0T 65670 o8vT €76  vOY'0 oL90 7T
‘. i RS 7 R 1 B o187 - 88I°0 o6IL~ §°9  LE£°0 o6ve ¥'IS
3 . s00T  *, 7 obIl o8ST €SE°0 o¥LO T°S §S5°0, oIS0  Z°6S
i . o8ST o89T o181 Bkt = ---  6EL°D o¥I0  9°8BZ
i - ¥ E .
: ' oPIT T eSTIT. o6ST 995°0 oSET  6°6 9L9°0 oS¥0  8°SS.
t &
0912 o1ISZ - 0208 - =R ---° 860°T ,LT100 L70Z
£ & 5 g
ot . : )
JIP0 0990 ot0T $£8°0 oTLZ 1°S¥  TIv°0 o6L7 . S°€9
* 2
o170 ETAL oS0T LLS°0 oL9Z I°St §0S°0 o1L0 _Z°se
- 5 0Z¥0 0ZP0 290T 699°0 .0LZ 0°0S t19°0 o88Z. £°SY
* oOﬂN O.ﬁMN ) ommN === == ==ty ON._”-.ﬁ OONN O-m._”
sanliady 2Iiniiady ainiiady [} zy wy 0 Y uy
§ (z-N) (1-N) AIOMION satlewouy ssi{eUOUY
- . YITH _INOYITM

3

2 B k=3
: oy \\ ERPS ° 5
N .\m - ., v “ - hi
JUIA3 ﬁo,mumhn—.m._”ﬁuc - K
1€ L9 A®W SO - oo
< 89 2aq 8Z. - e
L -L9 IBW IS ) 5
7z L9 320 11 e - e 7
os L9 22a ¥0 - . :
147 ¥l9 AON 0T N M g ’
NMGQM Gmu—mm._”< . ~
€T 89 190 1€ . .
15 %89 390 67 . - T .
BUBUE ] :
<
L1 g9 das 80 ¢
I3 - - :
12 L9 unpr €7 . : . .
e L9 429 90 ’ y -
15 «LO UNL 17
< mu—ﬁmn—.nﬂ,wm i
QueN 3JUAAY . = §

SUOT1B3S JTWSTISITIL ATuQ Buisp eYSETY TEIIUI) uomlmuASmuw :oﬂummnmﬁmu yor8aiqng

: »
: . X 374YL

%

\



-

.

Therefore, if only well-digtributed teleseismic networks
rare considered, the shifts are abaut 3, 10, and 11'km and

‘the Standard  deviations are less than

0.6 sec, except

for 05 May 1967.which is 0.885 sec. If we also require a
well-distributed local net for the initial location we wilj

discard the '10 km shift. of the Tanana
average. error of 7- km.,

. &
eévent resultingin an

5

‘ - When we'compare the shifts of these two Alaska Range evenrts

-obtained without 8nomalies, the-shifts
39 km to 3 'km and from 25 km to 11 km.
the shift reduces from 56 kn to 10 km.

.~

in location reduce from

L
For the'Tanana.event,

entire suite.of Centra}l Alaskan events. We see that on the:

average the‘displacement;f;om the local net location is equal

to that obtained by‘a,diffgrent éélibrétion event in each suk-'

-region. In particular the displacements for 04 December 1967

and 05 Méy 1967 aré_12.4 and 7 km.respeaﬁivgly,foy an average . "

’

of 9.7 km. \

Thus, although‘%he reliable resul
‘locatién error of 3-11 km, when anpnal
expected result, .as compared to an ive

“-anomalies for two Alaska Range events

40 km if the Tﬁnana event is includqd.

Al

-16-
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CONCLUSIONS

From a study of earthquakes occurring in Central Alaska,
a Cont1ncn~al region as .oppased to an island-arc regicn pr a
“fasin-and- range reglon it has beén demonstrated that the anomaly

techn1que 1s valid, especially if the region is divided'® into

subregions ‘according to the1r anomaly stability, 4

I't was shown that a local network could achieve:consistent.
location solution. as regards standarl deviation, or, goodness-
of-fit, relative to the¢ Herrin (1968).rravel-time tables. From
these local locations, anomalies could be détermined for both
local and teleseismic stations and applied to obtain consistent

. ‘A . 3
solutions of other gvents in the subregions.

From the geographic distribution ot the Qvents; there are
three anomaly suhregions in Central Alaska (Tanana, Fairbanks' .
and Alaska Range) between which the anomalies change significéhtly
but within which the anomalies, when applied as corrections, are >
apparently correct1ng the inadequate earth model (travel- fme
table). Thercﬁ%ﬁ some possibility that some of the sepdration
into teleseismic §ubregions is forced by poor locations in the
Tanana region., The sizc of the Alaska Rangs_subrcgﬁon is large,
approximafcly 150 km by 150 km, where five events, calibrated
by a sixth, yield consistent locatlons both in cpiecnte{wgyﬁ
depth. " ‘ B

There are some suggestions i:e.?:zk} a consistent 13 km
southeast bias with respecg to NOS epicenters and (2) falr
~
teleseismic locations resultrng from averaged anomalles that -

the telescismic anomaly reg1on is even larger than thc Alaska

. M
Range subregion, s _

s
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The lccation errors, obtained by applying sub-reglon
are less than 5 km based on nine events when using

|
“anomalies,
local /and teleseismfic stations, and are 3-11 km based.on three

evenys when gsing only teleseismic stations, o
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